NON-AQUEOUS ELECTROLYTIC SOIOTION SECONDARY BATTERY 



FIELD OF THE INVENTION 

5 The present invention relates to a non-aqueous electrolytic 

solution secondary battery, and in particular relates to a non-aqueous 
electrolytic solution secondary battery where an electrode group 
having a positive electrode, a negative electrode and a separator, 
in connecting portions which connect to respective terminals from the 
^ylO electrode group, and a non-aqueous electrolytic solution are 
r|| accommodated in a battery container provided with an internal pressure 
releasing mechanism which releases internal pressure at a 
U predetermined pressure and where the positive electrode is constituted 
Q by applying a positive electrode active material mixture including 
f^5 lithium-manganese complex oxide and conductive material on both 
surfaces of a foil-shaped positive electrode collector, and the 
negative electrode is constituted by applying a negative electrode 
active material mixture including carbon material on both surfaces 
of a foil-shaped negative electrode collector. 

20 

DESCRIPTION OF THE RELATED ART 

Because a non-aqueous electrolytic solution secondary battery 
represented by a lithiim-ion secondary battery has a high energy 
25 density as its merit, it is mainly used as a power source or power 
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supply for portable equipment such as a VTR camera, a notebook type 
personal computer, a portable or cellar telephone or the like. The 
interior structure of this battery is generally of a winding type as 
described below. Each of a positive electrode and a negative electrode 
5 of the battery is formed in a strip-shape where active material is 
applied to a metal foil, and a winding group is spirally formed by 
winding the positive electrode and the negative electrode through a 
separator so as not to come in direct contact with each other. This 
'-j winding group is accommodated in a cylindrical battery container or 
|;^^tlO can, and, after the battery container is filled with electrolytic 
■"^1 solution, it is sealed. 

An ordinary cylindrical lithium-ion secondary battery has an 
f external dimension of a diameter of 18mm and a height of 65mm, which 
5-1 is called 18650 type, and it is widely spread as a small-sized 
non-aqueous electrolytic solution secondary battery for a civilian 
^""^ use . Lithium cobaltate having a high capacity and a long life is mainly 
used as a positive electrode active material for the 18650 type 
lithium-ion secondary battery, and battery capacity of the 18650 type 
lithium-ion secondary battery is approximately 1.3Ah to 1.7 Ah and 
20 battery power (output) is about lOW or so. 

Meanwhile, in order to cope with the environmental problems in 
the automotive industry, development of electric vehicle (EVs) whose 
power sources are confined completely to batteries so that there is 
no gas exhausting and development of hybrid electric vehicles (HEVs) 
25 where both internal combustion engines and batteries are used as their 
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power sources have been facilitated and some of them have reached a 
practical state. Such a battery which is a power source for EV or 
HEV is required to have high power and high energy characteristics, 
and an attention is being paid to a lithiiom-ion battery as a battery 
5 which meets such requirements. 

In order to spread these EVs and HEVs, it is essential to reduce 
the cost of such a battery. For this reason, it is required to use 
low-cost battery materials, where, in a case of a positive electrode 
CI active material, for example, a special attention is being paid to 
^010 manganese oxides which are rich as natural resources and improvement 
'n of such batteries has been conducted for high performance thereof, 
(.4 Also, as the batteries for the EVs and HEVs, not only high capacity 

;!tWS 

but also high power which affects acceleration of a vehicle, namely 
P reduction of the internal resistance of the battery, are required. 
915 In order to increase the reaction area of the electrode, this 
requirement can be met by utilizing a lithiiziDn. manganate having a large 
specific surface area as the positive electrode active material. 

However, in a case of the lithium-ion battery, according to an 
increase in capacity and power, the safety is apt to lower. 
20 Particularly, as mentioned above, in the case that lithium manganate 
aiming at high power is used, such a tendency appears that a phenomenon 
of the battery becomes violent when it falls in an abnormal state. 
In a battery having high capacity and high power such as used for a 
power source for EV or HEV, since large current charging and large 
25 current discharging are performed, it is substantially difficult to 
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provide within the battery a current shutting- off mechanism (a kind 
of a cutting-off switch) which actuates according to an increase in 
internal pressure at an abnormal time, such as employed in the 18650 
type lithium-ion battery. 

Also, in a case in which a large-sized non-aqueous electrolytic 
solution secondary battery is used as, for exairple, a power source 
for EV or HEV, safety must always be secured even at an abnormal time 
such as (1) at a time of overcharging due to failure in a charging 
control system, (2 ) at a time of crushing due to an accidental collision, 
(3) at a time of foreign matter spitting, (4) at a time of external 
short-circuiting or the like. That is, it is an important problem 
that behavior of the battery, when it has fallen into an abnormal state 
(at the abnormal time) , does not injure a person or passenger and damage 
to a vehicle is suppressed to a minimum. 

SUMMARY OF THE INVENTION 



In view of the above circumstances, a first object of the present 
invention is to provide a non-aqueous electrolytic solution secondary 
battery which has high safety while maintaining high capacity and high 
power. Also, a second object of the present invention is to provide 
a non-aqueous electrolytic solution secondary battery which can secure 
safety even at an abnormal time of the battery. 

In order to achieve the first object, according to a first aspect 
of the present invention, there is provided a non-aqueous electrolytic 



4 



r 



solution secondary battery where an electrode group having a positive 
electrode^ a negative electrode and a separator, connecting portions 
which connect to respective terminals from the electrode group, and 
a non-aqueous electrolytic solution are accommodated in a battery 
5 container provided with an internal pressure releasing mechanism which 
releases internal pressure at a predetermined pressure and where the 
positive electrode is constituted by applying a positive electrode 
active material mixture including lithium-manganese complex oxide and 
Q conductive material on both surfaces of a foil-shaped positive 
:'||10 electrode collector, and the negative electrode is constituted by 

%l applying a negative electrode active material mixture including carbon 

1 y 

U material on both surfaces of a foil-shaped negative electrode 
collector, wherein the lithium-manganese corrplex oxide is set such 
Q that an amount of elution of manganese into the non-aqueous 
g|5 electrolytic solution is 5% or less on the basis of the lithium- 
manganese complex oxide in a range where an electrode potential to 
metal lithium is 4.8V or more, and the carbon material is graphite 
in/ from which lithium ions can be occluded/released according to 
char ging/di s cha r ging . 
20 Also, in order to the first object, according to a second aspect 

of the present invention, there is provided a non-aqueous electrolytic 
solution secondary battery where an electrode group having a positive 
electrode, a negative electrode and a separator, connecting portions 
which connect to respective terminals from the electrode group, and 
25 a non-aqueous electrolytic solution are accommodated in a battery 
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container provided with an internal pressure releasing mechanism which 
releases internal pressure at a predetermined pressure and where the 
positive electrode is constituted by applying a positive electrode 
active material mixture including lithium-manganese complex oxide and 
conductive material on both surfaces of a foil-shaped positive 
electrode collector, and the negative electrode is constituted by 
applying a negative electrode active material mixture including carbon 
material on both surfaces of a foil-shaped negative electrode 
collector, wherein the lithium-manganese complex oxide is set such 
that an amount of eiution of manganese into the non-aqueous 
electrolytic solution is 7% or less on the basis of the lithiim- 
manganese complex oxide in a range where an electrode potential to 
metal lithium is 4.8V or more, and the carbon material is amorphous 
carbon in/from which lithium ions can be occluded/released according 
to charging/discharging. 

In the present invention, in order to secure a non-aqueous 
electrolytic solution secondary battery having high capacity and high 
power (output) , the lithium-manganese complex oxide is used as the 
active electrode active material and the carbon material is used as 
the negative electrode active material. In the non-aqueous 
electrolytic solution secondary battery with high capacity and high 
power, when it has fallen into an abnormal state, large current charging 
or large current discharging is maintained and a large amount of gas 
is generated urgently due to chemical reaction between the non-aqueous 
electrolytic solution and the active material mixture within a battery 



container so that internal pressure in the battery container is 
increased. This tendency is calmer in the lithium-manganese complex 
oxide than a cobalt -manganese complex oxide or a nickel-manganese 
complex oxide. In general in a non-aqueous electrolytic solution 
secondary battery, in order to prevent the internal pressure in a 
battery container from increasing^ an internal pressure releasing 
mechanism for releasing the internal pressure at a predetermined 
pressure is provided in the battery container. In the above aspects 
of the present invention, however, such a configuration that the 
lithium-manganese complex oxide which is set such that an amount of 
elution of manganese into the non-aqueous electrolytic solution is 
5% or less on the basis of the lithium-manganese complex oxide in a 
range where an electrode potential to metal lithium is 4 . 8V or more 
is used as the positive electrode active material and that the carbon 
material which is graphite in/ from which lithium ions can be 
occluded/released according to charging/discharging is used as the 
negative electrode active material, or such a configuration that the 
lithiimi-manganese complex oxide which is set such that an amount of 
elution of manganese into the non-aqueous electrolytic solution is 
7% or less -on the basis of the lithium-manganese complex oxide in a 
range where an electrode potential to metal lithium is 4.8V or more 
is used as the positive electrode active material and that the carbon 
material is amorphous carbon in/ from which lithium ions can be 
occluded/released according to charging/discharging is used as the 
negative electrode active material is employed, gas discharging form 
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the internal pressure releasing mechanism can be performed remarkably 
gently. For this reason, according to the present invention^ a 
non-aqueous electrolytic solution secondary battery which has 
considerably high safety while maintaining high capacity and high 
5 power can be realized. 

In the above aspects, when a Li/Mn composition ratio in the 
lithium-manganese complex oxide is set in a range of form 0.55 to 0.6, 
a non- aqueous electrolytic solution secondary battery which has a high 
level in an initial capacity and a capacity retaining percentage due 
15 10 to charging/discharging can be manufactured. At this time, in a case 
,j that amorphous carbon is used as the negative electrode active material, 
\^ and the amount of elution of manganese of the lithium-manganese complex 
J"* oxide into the non-aqueous electrolytic solution is set to 3.2% or 
less on the basis of the lithium-manganese complex oxide, even when 
jlJJlS the non-aqueous electrolytic solution secondary battery has fallen 
into the abnormal state, heat generation due to the chemical reaction 
between the non-aqueous electrolytic solution and the active material 
mixture can be suppressed to a low level, and safety and reliability 
of the non-aqueous electrolytic solution secondary battery can be 
20 improved more. From a viewpoint of material preparation and cost, 
it is preferable that lithium manganate among the lithium-manganese 
complex oxides is used as the positive electrode active material. 

Moreover, lithium-manganese complex oxide where a half band 
width change of main diffraction light due to X-ray diffraction between 
25 soc 0% and SOC 100% is set to 25% or less is used as the positive 
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electrode active material, since a thermally stable structure can be 
obtained due that lowering of spinel crystallization in the 
lithium-manganese complex oxide is suppressed, manganese elution and 
oxygen discharge from the lithium-manganese complex oxide are 
suppressed at the abnormal time. Thus, by using such a specific 
lithium-manganese complex oxide as the positive electrode active 
material, the manganese elution and the oxygen discharge from the 
lithium-manganese complex oxide can be suppressed at the abnormal time, 
so that the amount of heat generation occurring according to 
decomposition reaction between manganese and oxygen can be decreased 
and the internal pressure can be released calmly from the internal 
pressure releasing mechanism. Accordingly, safety can be secured even 
at the abnormal time, and thereby the second object can be achieved. 

At this time, when a Li/Mn composition ratio in the 
lithium-manganese complex oxide is set in a range of from 0.55 to 0. 60, 
the amount of elution of manganese can be reduced more and heat 
generation is made difficult at the abnormal time as compared with 
a case of a stoichiometric composition (Li/Mn composition ratio = 0.5) , 
which results in preferable improvement in safety of the battery. Such 
a lithium-manganese complex oxide can include one where a portion of 
manganese thereof is substituted with another metal. 



BRIEF DESCRIPTION OF THE DRAP^ING 



Fig. 1 is a sectional view of a cylindrical lithium-ion battery 



of a first eiribodiment to which the present invention can be applied. 
DETAIIiED DESCRIPTION OF THE PREFEKE^ EMBODIMENTS 

(FIRST EMBQDIMF.NT^ 

A first embodiment where a non-aqueous electrolytic solution 
secondary battery according to the present invention is applied to 
a cylindrical lithium-ion secondary battery used as a power source 
or power supply for a hybrid electric vehicle will be explained below 
with reference to the drawing. 
<Positive Electrode> 

As shown in Fig. 1, a powdered lithium manganate (LiMnp^) 
serving as a positive electrode active material, graphite powder and 
acetylene black (AB) as conductive material, and polyvinylidene 
fluoride (PVDF) as a binder are mixed at a ratio of 83: 10: 2: 5 by 
weight %, and the resultant mixture is added and mixed with N- 
methyl-2-pyrrolidone (NMP) as dispersion solvent to produce slurry. 
The slurry thus produce is applied to both surfaces of an aluminum 
foil Wl (positive electrode collector) having a thickness of 20)am. 
At this time, a non-coated portion with a width of 30mm is left on 
one side edge, in a longitudinal direction, of the positive electrode. 
Thereafter, the aluminxm foil Wl thus applied with the mixture is dried, 
pressed and cut to produce a positive electrode having a width of 82mm, 
a length of 342cm and a predetermined thickness of the active material 
mixture layer W2 with a thickness of 109^im applied thereon. The 
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apparent density of the positive electrode active material mixture 
layer W2 is set to 2.65g/cm\ The non-coated portion is formed with 
notched portions, and the remaining portion thereof serves as positive 
electrode lead pieces 2. The distance or interval between adjacent 
positive electrode lead pieces 2 is set to 50ram and the width of each 
positive electrode lead pieces 2 is set to 5mm. 
<Negative Electrode> 

92 weight parts of a predetermined carbon powder is added with 
8 weight parts of a polyvinylidene fluoride as a binder, and is further 
added and mixed with N-methyl-2-pyrrolidone (NMP) as dispersion 
solvent to produce slurry. The slurry thus produced is applied to 
both surfaces of a rolled copper foil W3 (negative electrode collector) 
having a thickness of lOjum. At this time, a non-coated portion with 
a width of 30mm is left on one side edge, in a longitudinal direction, 
of a negative electrode. Thereafter, the copper foil W3 thus applied 
with the mixture is dried, pressed and cut to produce the negative 
electrode having a width of 86mm, a predetermined length and a 
predetermined thickness of the active material mixture applied portion 
W4. The negative electrode is compressed such that the porosity of 
the negative electrode active material mixture applied portion W4 is 
set to about 35%. The non-coated portion is formed with notched 
portions like the case of the positive electrode and the remaining 
portion thereof serves as negative electrode lead pieces 3. The 
distance or interval between adjacent negative electrode lead pieces 
3 is set to 50mm and the width of each negative electrode lead pieces 
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3 is set to 5inm. 
<Manufacture of Battery> 

The positive electrode and the negative electrode thus 
manufactured are wound together with a separator W5 made of 
polyethylene and having a width of 90ram and a thickness of 40^m such 
that both the electrodes do not come in direct contact with each other. 
A hollow cylindrical rod core 1 made of polypropylene is used at a 
center of the winding. At this time, the positive electrode lead 
pieces 2 and negative electrode lead pieces 3 are respectively 
positioned at both end faces opposed to each other with respect to 
the winding group 6. Also, the lengths of the positive electrode, 
the negative electrode, and the separator are adjusted to set the 
diameter of the winding group 6 to 38 ± 0.1mm. 

After all the positive electrode lead pieces 2 are deformed to 
be collected about and brought in contact with a peripheral face of 
a flange portion extended integrally from a periphery of a positive 
electrode collecting ring 4 positioned on an extension line of the 
rod core 1 of the winding group 6, the positive electrode lead pieces 
2 and the peripheral face of the flange portion are welded to each 
other in a ultrasonic manner so that the positive electrode lead pieces 
2 are connected to the peripheral face of the flange portion. 
Meanwhile, connecting operation between a negative electrode 
collecting ring 5 and the negative electrode lead pieces 3 is performed 
like the connecting operation between the positive electrode 
collecting ring 4 and the positive electrode lead pieces 2. 
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Thereafter, insulating covering or coating is applied on the 
entire peripheral surface of the flange portion of the positive 
electrode collecting ring 4 . An adhesive tape comprising a base member 
made of polyimide and adhesive agent made of hexameta-acrylate and 
5 applied to one surface thereof is used for the insulating covering. 
This adhesive tape is wound at least one time from the peripheral 
surface of the flange portion to the outer peripheral surface of the 
winding group 6, thereby forming the insulating covering. The winding 
group 6 is inserted into a battery container 7 made of steel and 

10 nickel-plated. The outer diameter of the battery container 7 is 40mm 
and the inner diameter thereof is 39mm. 

A negative electrode lead plate 8 for electric conduction is 
welded to the negative electrode collecting ring 5 in advance^ and 
after insertion of the winding group 6 into the battery container 7^ 

15 a bottom portion of the battery container 7 and the negative electrode 
lead plate 8 are welded to each other. 

Meanwhile^ one end of a positive electrode lead 9 configured 
by stacking a plurality of ribbons made of aluminum is welded to the 
positive electrode collecting ring 4 in advance, and the other end 

20 thereof is welded to a lower surface of a battery lid for sealing the 
battery container 7 . The battery lid is provided with a cleavage valve 
11 which cleaves according to an increase in battery internal pressure 
in the cylindrical lithium-ion battery 20 and which serves as an 
internal pressure releasing mechanism. The cleavage valve 11 is set 

25 to cleaving pressure of about 9 x lO^Pa. The battery lid comprises 



13 



a lid case 12, a lid cap 13, a valve retainer 14 for keeping air- 
tightness, and the cleavage valve 11, and the battery container is 
asseinbled by stacking these members to caulk a peripheral edge of the 
lid case 12 . 

Non-aqueous electrolytic solution is injected to the battery 
container 7 by a predetermined amount, the battery is then fitted to 
the battery container 7 in a folding manner of the positive electrode 
lead 9, and the battery container 7 is sealed by performing caulking 
via a gasket 10 made of EPD resin so that the cylindrical lithium-ion 
battery 20 is completed. 

The non-aqueous electrolytic solution is prepared previously 
in the following manner: A lithium hexafluorophosphate (LiPFg) is 
dissolved at 1 mole/liter into mixed solution of ethylene carbonate, 
dimethyl carbonate and diethyl carbonate at a volume ratio of 1 : 1 : 
1. The cylindrical lithium-ion battery 20 is not provided with a 
current shutting-off or reducing mechanism, for example, such as a 
PTC (Positive Temperature Coefficient) element or the like, which 
operates according to an increase in battery temperature. 

Now, in this embodiment, such a constitution is employed that 
a lithium manganate where an amount of elution of manganese into the 
non-aqueous electrolytic solution is 5% or less on the basis of the 
lithium manganate in a region in which an electrode potential to metal 
lithium is 4.8V or more is used as the positive electrode active 
material, and graphite in/from which lithium ions can be 
occluded/released according to charging/discharging is used as the 
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negative electrode active material, or such a constituent is employed 
that the amount of elution of manganese into the non-aqueous 
electrolytic solution is 7% or less on the basis of the lithium 
manganate in the region is used as the positive electrode active 
5 material, and amorphous carbon in/ from lithium ions can be 
occluded/released according to charging/discharging is used as the 
negative electrode active material. 

In order to obtain a specific lithium manganate where an amount 
of elution of manganese into the non-aqueous electrolytic solution 

10 is on the above predetermined percentages or less on the basis of the 
lithiimi manganate in a region in which an electrode potential to metal 
lithium is 4.8V or more, various control factors such as limitation 
of the particle diameter (size) of material to be used, limitation 
of a specific surface area of the material, adjustment of composing 

15 materials for lithium manganate, control of composing conditions, and 
the like must be set • However, since the amount of elution of manganese 
varies due to complicated intertwinement of the above control factors 
and other factors to widen the dispersion of the amount of elution, 
it is difficult to set all factors by only one factor alone. In this 

20 embodiment, therefore, lithium manganates of several lots are prepared 
under various conditions, and a lot satifying the above conditions 
is selected and used. 

Also, the measurement of the amount of elusion of manganese from 
the lithium manganate was conducted in the following procedure. A 

25 portion of the positive electrode manufactured in the above manner 
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is cut out, and it was maintained in a non-aqueous electrolytic solution 
at a potential of 4 . 8V or more for 24 hours or more, using metal lithium 
as a reference electrode. The manganese eluted into the non-aqueous 
electrolytic solution and manganese deposited on an opposing electrode 
were subjected to quantitative analysis and the total amount of the 
manganese was calculated on the basis of lithiTom manganate. 
Incidentally^ in the measurement of the manganese elution amount, it 
is preferable that the potential of less than 6V is employed, because 
the non-aqueous electrolytic solution is decomposed when the potential 
is 6V or more. 

Next, batteries of Examples of the cylindrical lithium-ion 
battery 20 manufactured according to the present embodiment will be 
explained below. Incidentally, batteries of Controls (Comparison 
examples) manufactured for making a comparison with the batteries of 
Examples will also be explained. 
(Example 1) 

As shown in the following Table 1, in Example 1, a battery was 
manufactured by using lithium manganate (LiMn204) powder of Lot No. 
1 as the positive electrode active material, using MCMB which was 
mesophase system spherical graphite as the negative electrode active 
material, and setting the thickness (which does not include the 
thickness of the collector) of the negative electrode active material 
layer {active material applied portion) W4 to 79|Lim, and setting the 
length of the negative electrode to 354cm. The Li/Mn ratio of the 
positive electrode active material was 0 . 52 and the amount of elution 
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of manganese was 5.0%, 

Incidentally, in the electrodes manuf actured^r the length of the 
negative electrode was set to be longer than that of the positive 
electrode by 12cm such that, when wound, the positive electrode did 
not protrude at the innermost layer of the winding from the negative 
electrode in a winding direction and the positive electrode did not 
protrude at the outermost layer of the winding from the negative 
electrode in the winding direction. Also, the width of the negative 
electrode active material applied portion W4 was set to be longer than 
that of the positive electrode active material applied portion W2 by 
4mm such that the positive electrode active material applied portion 
did not protrude from the negative electrode active material applied 
portion in a direction perpendicular to the winding direction (which 
is the same in the following Examples and Controls) . 
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(Example 2) 



As shown in Table 1, in Example 2, a battery was manufactured 
by using lithium manganate powder of Lot No. 2 as the positive electrode 
5 active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
the collector) of the negative electrode active material layer (active 
material applied portion) W4 to 79|Lmi, and setting the length of the 
negative electrode to 354cm, The Li/Mn ratio of the positive electrode 
10 active material was 0.52 and the amount of elution of manganese was 
3.3%. 

(Example 3) 
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As shown in Table 1, in Example 3, a battery was manufactured 
by using lithium manganate powder of Lot No. 3 as the positive electrode 
active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
the collector) of the negative electrode active material layer (active 
material applied portion) W4 to 79iLim, and setting the length of the 
negative electrode to 354cm. The Li/Mn ratio of the positive electrode 
active material was 0.52 and the amount of elution of manganese was 
1.6%, 

(Example 4) 

As shown in Table 1, in Example 4, a battery was manufactured 
by using lithium manganate powder of Lot No. 4 as the positive electrode 
active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
the collector) of the negative electrode active material layer (active 
material applied portion) W4 to 79Mm, and setting the length of the 
negative electrode to 354cm. The Li/Mn ratio of the positive electrode 
active material was 0.52 and the amount of elution of manganese was 
2.1%. 

(Example 5) 

As shown in Table 1, in Example 5, a battery was manufactured 
by using lithium manganate powder of Lot No. 5 as the positive electrode 
active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
the collector) of the negative electrode active material layer (active 
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material applied portion) W4 to 79|ain, and setting the length of the 
negative electrode to 354cm. The Li/Mn ratio of the positive electrode 
active material was 0.55 and the amount of elution of manganese was 
3 . 2'o . 

(Example 6) 

As shown in Table 1, in Example 6, a battery was manufactured 
by using lithium manganate powder of Lot No. 6 as the positive electrode 
active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
the collector) of the negative electrode active material layer (active 
material applied portion) W4 to 79|am, and setting the length of the 
negative electrode to 354cm. The Li/Mn ratio of the positive electrode 
active material was 0.58 and the amount of elution of manganese was 
3.1%. 

(Example 7) 

As shown in Table 1, in Example 1, a battery was manufactured 
by using lithium manganate powder of Lot No. 7 as the positive electrode 
active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
the collector) of the negative electrode active material layer (active 
material applied portion) W4 to 79miu, and setting the length of the 
negative electrode to 354cm. The Li/Mn ratio of the positive electrode 
active material was 0.60 and the amount of elution of manganese was 
3.0%. 

(Example 8) 
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As shown in Table 1, in Example 8^ a battery was manufactured 
by using lithium manganate powder of Lot No. 8 as the positive electrode 
active material, using MCMB as the negative electrode active material, 
and setting the thickness (which does not include the thickness of 
5 the collector) of the negative electrode active material layer (active 
material applied portion) W4 to 79jLim, and setting the length of the 
negative electrode to 354cm. The Li/Mh ratio of the positive electrode 
active material was 0.51 and the amount of elution of manganese was 
3.0%. 

10 (Example 9) 

As shown in Table 1, in Example 9, a battery was manufactured 
by using lithium manganate powder of Lot No. 9 as the positive electrode 
active material, using amorphous carbon as the negative electrode 
active material, and setting the thickness (which does not include 

15 the thickness of the collector) of the negative electrode active 
material layer (active material applied portion) W4 to 79iam, and 
setting the length of the negative electrode to 354cm. The Li/Mn ratio 
of the positive electrode active material was 0,52 and the amount of 
elution of manganese was 7.0%. 

20 (Example 10) 

As shown in Table 1, in Example 10, a battery was manufactured 
by using lithium manganate powder of Lot No. 10 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 

25 include the thickness of the collector) of the negative electrode 
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active material layer (active material applied portion) W4 to 79|um, 
and setting the length of the negative electrode to 354cm. The Li/Mn 
ratio of the positive electrode active material was 0 , 52 and the amount 
of elution of manganese was 5.0%, 
(Example 11) 

As shown in Table 1, in Example 11, a battery was manufactured 
by using lithium manganate powder of Lot No, 11 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) W4 to 79nm, 
and setting the length of the negative electrode to 354cm. The Li/Mn 
ratio of the positive electrode active material was 0 . 52 and the amount 
of elution of manganese was 3.2%. 
(Example 12) 

As shown in Table 1, in Example 12, a battery was manufactured 
by using lithium manganate powder of Lot No. 12 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) W4 to 79|Lim, 
and setting the length of the negative electrode to 354cm. The Li/Mn 
ratio of the positive electrode active material was 0 . 52 and the amount 
of elution of manganese was 1.4%. 
(Example 13) 
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As shown in Table 1, in Example 13, a battery was manufactured 
by using lithium manganate powder of Lot No. 13 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) W4 to 79|am, 
and setting the length of the negative electrode to 354cm. The Li/Mn 
ratio of the positive electrode active material was 0.55 and the amount 
of elution of manganese was 3.1%. 
(Example 14) 

As shown in Table 1, in Example 14, a battery was manufactured 
by using lithium manganate powder of Lot No. 14 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) W4 to 79]jm, 
and setting the length of the negative electrode to 354cm. The Li/Mn 
ratio of the positive electrode active material was 0 . 58 and the amount 
of elution of manganese was 3.2%, 
(Example 15) 

As shown in Table 1, in Example 15, a battery was manufactured 
by using lithium manganate powder of Lot No, 15 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 



23 



active material layer (active material applied portion) W4 to IByna, 
and setting the length of the negative electrode to 354cm. The Li/Mn 
ratio of the positive electrode active material was 0 . 60 and the amount 
of elution of manganese was 3.0%. 
(Example 16) 

As shown in Table 1, in Exanple 16, a battery was manufactured 
by using lithium manganate powder of Lot No. 16 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) W4 to 79|jm, 
and setting the length of the negative electrode to 354cm. The Li/Mh 
ratio of the positive electrode active material was 0 . 61 and the amount 
of elution of manganese was 3.1%. 
(Control 1) 

As shown in Table 1, in Control 1, a battery was manufactured 
by using lithium manganate (LiMn204) powder of Lot No. 31 as the positive 
electrode active material, using MCMB which was mesophase system 
spherical graphite as the negative electrode active material, and 
setting the thickness (which does not include the thickness of the 
collector) of the negative electrode active material layer (active 
material applied portion) to 79iam, and setting the length of the 
negative electrode to 354cm. The Li/Mn ratio of the positive electrode 
active material was 0 . 58 and the amount of elution of manganese was 
5.4%. 
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(Control 2) 

As shown in Table 1, in Control 2, a battery was manufactured 
by using lithium manganate powder of Lot No. 32 as the positive 
electrode active material, using MCMB as the negative electrode active 
material, and setting the thickness (which does not include the 
thickness of the collector) of the negative electrode active material 
layer (active material applied portion) to79(am, and setting the length 
of the negative electrode to 354cm. The Li/Mn ratio of the positive 
electrode active material was 0.58 and the amount of elution of 
manganese was 6.1%. 
(Control 3) 

As shown in Table 1, in Control 3, a battery was manufactured 
by using lithium manganate powder of Lot No. 33 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) to 79|Lmi, and 
setting the length of the negative electrode to 354cm. The Li/Mn ratio 
of the positive electrode active material was 0.58 and the amount of 
elution of manganese was 7.2%. 
(Control 4) 

As shown in Table 1, in Control 4, a battery was manufactured 
by using lithium manganate powder of Lot No. -34 as the positive 
electrode active material, using amorphous carbon as the negative 
electrode active material, and setting the thickness (which does not 
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include the thickness of the collector) of the negative electrode 
active material layer (active material applied portion) to 79|Lim, and 
setting the length of the negative electrode to 354cm. The Li/Mn ratio 
of the positive electrode active material was 0.58 and the amount of 
elution of manganese was 9,6%, 
[Test & Evaluation] 

Next, regarding the respective batteries of the Examples and 
the Controls manufactured in the above manner, a series of tests were 
conducted in the following manner. 

After each of the respective batteries of the Examples and 
Controls was charged, it was discharged so that its discharging 
capacity was measured. The charging conditions were set on a constant 
voltage of 4,2V, a limiting current of 5A, and a charging time of 3.5 
hours . The discharging conditions were set on a constant current of 
5A and a final voltage of 2.7V. 

Also, the discharging power of each battery which was put in 
a charged state was measured under the above conditions . The measuring 
conditions were as follows: Each voltage of the fifth second at each 
discharging current of lA, 3A and 6A was read and plotted on the vertical 
axis to the current value of the horizontal axis, where a straight 
line in which an approximate collinear was performed by three points 
reached a final voltage 2 . 7V, the product of the current value by the 
2.7V was calculated as an initial power for each battery. 

Further, after each battery was repeated 100 cycles of charging 
and discharging on the above conditions, the capacity thereof was 
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measured. A percentage of the power of the 100th cycle to the initial 
power (hereinafter, called "power retaining percentage") was 
calculated. It goes without saying that, the higher the power 
retaining percentage is, the more excellent the life characteristic 
is . 

The measurements of the charging, discharging, and power were 
conducted in the atmosphere of an environmental teirperature of 25 ± 

rc. 

Thereafter, each battery manufactured was continuously charged 
at the room temperature with a constant current of 2 OA, and its behavior 
was observed. The test results are shown in the following Table 2. 
Such a phenomenon of gas discharging constituted with volatile 
material of electrolytic solution occurred after the cleavage valve 
was cleaved. In order to compare the magnitudes of the respective 
gas dischargings of the batteries with one another, the temperatures 
of battery surfaces just after the phenomena occurred in the batteries 
were measured. Also, presence/absence of deformation in each battery 
container was observed. Incidentally, in Table 2, a circle mark 
indicates a battery whose battery container was not deformed at all, 
a delta mark indicates a battery whose battery container was slightly 
deformed, and a mark "X" indicates a battery whose battery container 
was largely deformed. 
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TABLE 2 







CAPACITY 




SAFETY 






TTJT'PTTiT 
Xvi± XJLALt 

(Ah) 


POWER 
RETAINING 
(%) 


POHBR 
(W) 


BATTERY 
SURFACE 
(°C) 


BATTERY 






6.4 


90 


800 


190 


A 






6.4 


90 


790 


170 


O 






6.3 


90 


790 


130 


O 






6.3 


90 


800 


160 


O 






6.3 


95 


780 


170 


O 






6.2 


96 


780 


170 


O 






6,2 


96 


780 


160 


O 






5.1 


96 


780 


160 


O 






6.2 


91 


820 


170 


O 






6.2 


91 


810 


150 


O 


; r t 


jcixampxex ± 


D.l 


91 


810 


110 


O 


■"1 


Exainplel2 


6.0 


91 


810 


90 


O 




Exainplel3 


6.1 


96 


800 


90 


O 




Exanipl6l4 


6.1 


97 


800 


90 


o 




Exaitiplel5 


6.0 


97 


800 


90 


o 




ExaiqplelS 


4.9 


97 


800 


90 


o 




Control 1 


6.4 


90 


790 


280 


X 




Control 2 


6.4 


90 


780 


310 


X 




Control 3 


6.2 


90 


820 


270 


X 




Control 4 


6.2 


90 


820 


320 


X 



As shown in Table 2, in each battery of Examples 1 to 16, high 



capacity and high power were obtained, and battery behavior during 
continuous charging was calm. The surface temperature of each battery 
5 was in a range of 90"C to 190"C, In each of batteries of Controls 1 
and 2 where graphite was used as the negative electrode and the amount 
of elution of manganese from the lithium manganate serving as the 
positive electrode active material was above 5% and each of batteries 
of Controls 3 and 4 where amorphous carbon was used as the negative 
10 electrode and the amount of elution of manganese from the lithium 
manganate serving as the positive electrode active material was above 
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l%f high capacity and high power was achieved, but its behavior during 
continuous charging became violent together with deformation of the 
battery, and the surface temperature of the battery exceeded 200''C 
largely. 

In each battery of Examples 5 to 7 and 13 to 15 where the Li/Mn 
ratio in the lithium manganate was 0 , 55 or more, the capacity retaining 
percentage was remarkably high. In each battery of Exartples 8 and 
16 where the Li/Mn ratio was above 0 . 60, a remarkable capacity reduction 
was caused. Therefore, it was found that the Li/Mn ratio was 
preferably in the range of from 0.55 to 0.60. 

In each battery of Examples 9 to 16 where amorphous carbon was 
used as the negative electrode among the above batteries, such results 
were obtained that the power and the discharging capacity retaining 
percentage of the battery were high and the surface temperature thereof 
was low. Accordingly, each battery of the Examples 9 to 16 was one 
which has high capacity, high power and excellent safety and which 
was well balanced generally. Particularly, each battery of Exairples 
13 to 15 where amorphous carbon was used as the negative electrode 
active material, the Li/Mn ratio was in the range of from 0.55 to 0. 60, 
and the amount of elution of manganese was 3.2% or less was a safer 
battery where the surface temperature of the battery during continuous 
charging was the lowermost temperature of 90 ""C. 

As mentioned above, the cylindrical lithium-ion battery 20 of 
the present embodiment is a battery whose behavior is remarkably calm 
even when it is put in an abnormal state and which is excellent in 
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safety. Thus, a battery having high capacity, high power and 
remarkably high safety is particularly suitable for a power source 
for an electric vehicle. 

(SECOND EMBODIMENTS 

Next, a second embodiment where a non-aqueous electrolytic 
solution secondary battery according to the present invention is 
applied to a cylindrical lithium-ion battery used as a power source 
for an electric vehicle will be explained below. In this embodiment, 
for the State of Charge (hereinafter, called SOC) of the cylindrical 
lithium-ion battery is defined as a discharged state (2.7V) being 0% 
and a fully charged state (4.2V) being 100%. Incidentally, in this 
embodiment, differences from the first embodiment are only the 
positive electrode and the negative electrode, and the manufacture 
of the battery is the same as that in the first embodiment. Therefore, 
the same parts or members as those in the first embodiment will be 
attached with the same reference numerals as those therein, and 
explanations thereof will be omitted. The different parts or members 
will be explained below. 
<Positive Electrode> 

100 weight parts of lithium manganate serving as a positive 
electrode active material is added with 10 weight parts of scale- 
shaped graphite serving as a conductive agent and 10 weight parts of 
polyvinylidene fluoride (PVDF) as a binder, and the resultant mixture 
is added and mixed with N-methyl-2-pyrrolidone (NMP) as dispersion 
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solvent to produce a positive electrode mixture (slurry) . The slurry 
thus produced is applied to both surfaces of an aluminum foil of a 
metal collector having a thickness of 20jLiin. Then, the aluminum foil 
is dried, pressed and cut to produce a positive electrode having a 
positive electrode active material applied portion with a thickness 
of 90|im (which does not include the thickness of the aluminum foil) . 

As the lithium manganate, one which was expressed by a chemical 
formula of Li^.^^-xO^ or Li,^jyyy[n2-x-y04 (M is a metal element which was 
substituted for Mn) , where a Li/Mn composition ratio (hereinafter, 
called "Li/Mn ratio") was in a range of from 0.50 to 0.60 and a half 
band width change of main diffraction light due to X-ray diffraction 
between SOC 0% and SOC 100% was set to 25% or less was used. An apparatus 
for measuring the half band width was a X-ray diffraction apparatus 
model No. RlNTllOOK (equipped with an automatic data processing 
system) manufactured by Rigaku Corporation. Incidentally, the 
lithium manganate can be composed or produced by mixing, sintering 
suitable lithium salt and manganese oxide, and a desired Li/Mn ratio 
can be achieved by controlling preparation ratio of lithium salt and 
manganese oxide or the like. 
<Negative Electrode> 

100 weight parts of amorphous carbon powder serving as a negative 
electrode active material is added with 10 weight parts of PVDF as 
a binder, and the resultant mixture is added and mixed with N- 
methyl-2-pyrrolidone as dispersion solvent to produce a negative 
electrode mixture (slurry) . The slurry thus produced is applied to 
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both surfaces of a rolled copper foil having a thickness of 10pm. Then, 
the copper foil is dried, pressed and cut to produce a negative 
electrode having a negative electrode active material applied portion 
with a thickness of lOixm (which does not include the thickness of the 
rolled copper foil) , 

Next, batteries of Examples of the cylindrical lithium-ion 
battery manufactured according to the present embodiment will be 
explained below. Incidentally, batteries of Controls manufactured 
for making a comparison with the batteries of Examples will also be 
explained. 
(Example 17) 

As shown in the following Table 3, in Example 17, a battery was 
manufactured by using lithium manganate {L±^,o,m^ ,,0,) where the half 
band width change (hereinafter, referred to as "half width change" 
simply in this embodiment) of main diffraction light due to X-ray 
diffraction between SOC 0% and SOC 100% was 6%, and the Li/Mn ratio 
was 0.55 as the positive electrode active material. 
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TABIiE 3 



^\ 


POSITIVE ELECTRODE ACTIVE MATERIAL 


COMPOSITION 


Li/W&i 
RATIO 


rlrt 1 iP iriANU WXDTn 

CHANGE 
(%) 


Example 17 


IiinJV[ni9404 


0.55 


6 


Example 18 




0.55 


10 


Example 19 


LiirJVInic^04 


0.55 


18 


Example 20 




0.60 


25 


Example 21 




0.60 


25 


Example 22 


LiMn204 


0.50 


10 


Control 5 




0,55 


30 


Control 6 


IiinfiMn,.cM04 


0.55 


40 


Control 7 


LinJVInififiOa 


0.60 


32 


Control 8 


Lil of>Alo oBsMni 8a'504 


0.60 


30 



(Examples 18 and 19) 

As shown in Table 3, in Examples 18 and 19, each battery was 
manufactured in the same manner as the Exairple 17 except that the 
lithium manganate where the half width change was 10% or 18% was used 
as the positive electrode active material. 
(Example 20) 

As shown in Table 3, in Example 20, a battery was manufactured 
in the same manner as the Example 17 except that lithium manganate 
(Lii i^MUi^egOJ where the half width change was 25% and the Li/Mn ratio 
was 0.60 was used as the positive electrode active material. 
(Example 21) 

As shown in Table 3, in Example 21, a battery was manufactured 
in the same manner as the Example 17 except that lithium manganate 
(Lil 05AI0, 095^^1.80504) where the half width change was 25%, the Li/Mn ratio 
was 0.60, and Al was substituted for a portion of Mn was used as the 
positive electrode active material. 
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(Example 22) 

As shown in Table 3, in Example 22, a battery was manufactured 
in the same manner as the Example 17 except that lithium manganate 
(LiMn204) where the half width change was 10% and the Li/Mn ratio was 
5 0.50 was used as the positive electrode active material. 
(Controls 5 and 5) 

As shown in Table 3, in Controls 5 and 6, each battery was 
manufactured in the same manner as the Example 17 except that the 
'^■3 lithium manganate (Li^ o^MUi^g^^) where the half width change was 30% 
''40 or 40% was used as the positive electrode active material. 

'-'v. I 

(Control 7) 

ill 

As shown in Table 3, in Control 7, a battery was manufactured 
f in the same manner as the Example 17 except that the lithium manganate 

(Li1.14Mn1.86O4) where the half width change was 32% and the Li/Mn ratio 
Ci5 was 0 . 60 was used as the positive electrode active material , 

(Control 8) 

As shown in Table 3, in Control 8, a battery was manufactured 
in the same manner as the Example 17 except that lithium manganate 
(l^ii. 09^10.095^^1.80504) where the half width change was 30%, the Li/Mn ratio 
20 was 0.60, and Al was substituted for a portion of Mn was used as the 
positive electrode active material. 
(Test) 

Next, after each battery of the Examples and the Controls 
manufactured in the above manner was subjected to an initial 
25 charging/discharging test, an overcharging test which continuously 
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charges a constant current of lOA to the battery of SOC 100% at an 
ambient teirperature of 25''C was performed. Then, the maximum reached 
temperature of the surface of each battery after it has fallen into 
an abnormal state was measured and the appearance thereof was observed. 
5 Each battery which is subjected to the overcharging test becomes an 
abnormal state by the overcharging and the surface temperature of the 
battery increases due to heat generation. According to this 
phenomenon, the internal pressure inside the battery increases and 

'^^^ the cleavage valve 11 cleaves so that gas inside the battery is 

^^;^^l0 discharged outside . The test results are shown in the following Table 

H 4. 

= :! TABIiE 4 





OVERCHARGING TEST RESULTS 


BATTERY SURFACE 
TEMPERATURE 
("C) 


WHITE SMOKE 


Example 17 


120 


little 


Example 18 


125 


little 


Exaziple 19 


140 


little 


Example 20 


130 


little 


Example 21 


150 


little 


Example 22 


200 


little 


Control 5 


380 


much 


Control 6 


400 


much 


Control 7 


390 


much 


Control 8 


410 


much 



As shown in Tables 3 and 4, in each battery of the Examples 17 
to 19 using the lithium manganate where the half width change was 25% 
15 or less and the Li/Mn ratio was 0.55, the maximum reached temperature 
of the surface thereof when it fell into the abnormal state was 140''C 
or less, and the amount of white smoke generated was small. Namely, 
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each battery was a battery which was calm and had excellent safety. 
On the contrary, in each battery of the Controls 5 and 6 using the 
lithium manganate where the half width change exceeded 25% and the 
Li/Mn ratio was 0.55, the maximum reached temperature of the surface 
thereof when it fell into the abnormal state was elevated up to about 
400°C, and a large amount of white smoke was jetted violently. 

Also, in a battery of the Example 20 using the lithium manganate 
where the half width change was 25% and the Li/Mn ratio was 0.60, the 
maximum reached teirperature of the surface thereof when it fell into 
the abnormal state was 130°C, an amount of white smoke was small, and 
accordingly safety thereof was excellent. However, in a battery of 
the Control 7 using the lithium manganate where the half width change 
was 32% and the Li/Mn ratio was 0.60, the maximum reached temperature 
of the surface thereof reached 390°C and a large amount of white smoke 
was jetted violently. 

Moreover, even when the lithium manganate (Lii.o^lo.og^Mni.eosOJ 
where the Li/Mn was 0 . 60 and Al was substituted for a portion of Mn 
was used as the positive electrode active material, in a battery of 
Example 21 where the half width change was 25%, the maximum reached 
temperature of the surface thereof was 150°C and an amount of white 
smoke was small, and accordingly excellent safety was achieved. On 
the contrary, in a battery of Control 8 where the half width change 
was 30%, the maximum reached temperature of the surface thereof reached 
410°C and white smoke was jetted violently. 

On the other hand, in a battery of Example 22 using the lithiimi 
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manganate where the half width change was 10% and the Li/Mn ratio was 
0,50 as the positive electrode active material, the amount of white 
smoke generated was small and excellent safety was achieved, but the 
maximum reached temperature of the surface of the battery reached 200°C 
which was relatively high. 

From the above test results, it has been found in each battery 
of the Examples 17 to 22 of the present invention using the lithium 
manganate where the half width change was 25% or less as the positive 
electrode active material that the maximum reached temperature of the 
battery at the abnormal time can be suppressed to low temperature, 
an amount of white smoke can be reduced. Therefore, such a battery 
can be secured safely even if it falls into the abnormal state. Also, 
it has been found that, in order to further suppress the maximum reached 
temperature of the battery at the abnormal time, it is preferable to 
set the Li/Mn ratio in the lithium manganate used as the positive 
electrode active material in the range of from 0,55 to 0.60. 

Incidentally, in the above embodiments, the large-sized 
secondary batteries used for a power source for an electric vehicle 
have been illustrated, but the present invention is not limited to 
the sizes of the batteries and the battery capacities described in 
these embodiments . It has been confirmed that the present invention 
exhibits a significant effect in a battery whose battery capacity is 
about 3 to lOAh. Also, in the above embodiments, the cylindrical 
batteries have been illustrated, but the present invention is not 
limited to any specific shape. For exairple, the present invention 
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is applicable to a shape with a rectangular sectional configuration 
or any polygonal shape. Fur the more, as a structure to which the 
present invention is applicable, any structure other than the 
structure where the battery lid is fitted to the above cylindrical 
5 container (can) in a sealing manner through caulking can be employed. 
As one exairple of such a structure, a battery where positive and 
negative external terminals which penetrate battery lids and these 
external terminals push with each other via a rod core can be listed. 
CI Also, in the above embodiments, the example where, as the 

SlO insulating covering or coating, the adhesive tape comprising the base 
'^^1 material of polyimide and the adhesive agent of hexametha-acrylate 
applied to one side surface thereof was used was illustrated. However, 

ft* 

this invention is not limited to this adhesive tape. For exairple, 
CI an adhesive tape comprising a base material of polyolefin such as 
i;!15 polypropylene, polyethylene or the like, and acrylic system adhesive 
l^^k agent such as hexametha-acrylate, butyl-acrylate or the like applied 
to one side surface or both side surfaces of the base material, or 
tape without applying adhesive agent thereon and comprising polyolefin 
or polyimide or the like can also be used preferably. 
20 Moreover, in the above embodiments, the lithium manganate was 

used for the positive electrode for the lithium-ion battery, amorphous 
carbon was used for the negative electrode, the solution prepared by 
dissolving lithium hexafluorophosphate at 1 mole/liter into the mixed 
solution of ethylene carbonate, dimethyl carbonate and diethyl 
25 carbonate at the volume ratio of 1 : 1 : 1 was used as the electrolytic 
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solution. However, the present invention is not limited to these 
materials and solution. Also, as the conductive material and the 
binder, ones which are used ordinarily can be used in this invention. 
In general, the lithium manganate can be composed by mixing and 
sintering suitable lithium salt and manganese oxide, and the desired 
Li/Mn ratio can be achieved by controlling preparation ratio of lithium 
salt and manganese oxide. 

Also, as binders other than the above-mentioned embodiments 
which can be used, there are polymers such as Teflon, polyethylene, 
polystyrene, polybutadiene, isobutylene-isopren rubber, nitrile 
rubber, styrene-butadiene rubber, polysulfide rubber, cellulose 
nitrate, cyanoethyl cellulose, polyvinyl alcohol, various latex, 
acrylonitrile, vinyl fluoride, vinylidene fluoride, propylene 
fluoride, chloroprene fluoride and the like, and mixture thereof. 

Furthermore, as positive electrode active materials for a 
lithium-ion battery other than the above-mentioned embodiments which 
can be used, it is preferable to use lithium-manganese complex oxide 
in/from lithium ions can be occluded/released and a sufficient amount 
of lithium has been occluded in advance . A lithium manganate having 
a spinel structure or a material where a portion of manganese or lithium 
has been siobstituted or doped with another metal can be used as the 
active material. Further, in the second embodiment, the lithium 
manganate where Al has been substituted for a portion of Mn was 
illustrated, but lithium manganate where another metal element (for 
example, Co, Ni, Fe, Cu, Cr, Mg, Zn, V, Ga, B, F and the like) has 
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* 



been substituted for a portion of Mn may be used. 

Also, regarding negative electrode active materials for a 
lithiiom-ion battery other than the above embodiments which can be used, 
there is not any limitation except for the scope of the invention as 
5 hereinafter claimed. For example^ as the material, natural graphite ^ 
various artificial graphite materials, cokes, amorphous carbon or the 
like can also be used. The particle shapes of these materials may 
include scale shape, sphere shape, fiber shape, massive shape, and 

CI the like, but the active material used in this invention is not limited 

in 

'i:bllO to the specific shape illustrated in the embodiments . In the case 
'H of using the amorphous carbon as the negative electrode active material, 
it can exhibit an excellent flexibility and the negative electrode 
i^: active material layer can be prevented from being peeled off and 

Q released from the negative electrode when the electrode winding group 
315 is formed by winding the respective members spirally. 
M Also, as the non-aqueous electrolytic solution, an electrolytic 

solution prepared by using an ordinary lithiiom salt as an electrolyte 
to dissolve the lithium salt in an organic solvent can be used, where 
a lithium salt and organic solvent to be used are not limited to specific 
20 materials. For example, as the electrolyte, LiC104, LiAsF^, LiPFg, 
LiBF^, 'L±B{CS5)4f CH3S03Li, CF3S03Li or the like, or mixture thereof can 
be used. As the non-aqueous electrolytic solution organic solvent, 
polypropylene carbonate, ethylene carbonate, 1,2-dimethxy ethane, 
1, 2 -die thxy ethane, y-butyrolactone, tetrahydofuran, 1, 3-dioxolane, 
25 4-mehyl-l, 3-dioxolane, diethyl ether, sulfolane, methyl-sulfolane, 
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acetonitrile^ propionitrile, or the like, or mixed solvent of at least 
two kinds thereof can be used, and the composition ratio of mixture 
is not limited to any specific range. 
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